Introduction
Cephalometric dentoskeletal analysis alone cannot predict the soft tissue outcome of treatment. In addition, the accurate initial position determination of the lips is essential for planning of proper treatment. Understanding the correlation between hard tissue and soft tissue before treatment is also important in order to predict the changes that may result from orthodontic intervention.
Placing the teeth according to accepted cephalometric criteria does not necessarily ensure that the overlying soft tissue will drape in a harmonious manner, 1 or guarantee that the soft tissue profile will directly follow the underlying skeletal profile.
2 This is because the soft tissue covering the teeth and bone can vary so greatly that the dentoskeletal pattern may be inadequate in evaluating facial disharmony. 3 According to Kasai, the relationship between the hard tissue and soft tissue profile is variable because some soft tissue structures are closely related to hard tissue while others are influenced by their length, thickness, and function. 4 Saxby and Freer found that the position of the upper and lower incisors and angulation of the upper incisors are very important determinants of the associated soft tissues. 5 In a study by Sodagar et al, the ratio of maxillary incisor to upper lip retraction was 2:1, and in another study a significant correlation was found between the retraction of the lower incisors and the retrusion of the lower lip. 6, 7 These correlations have also
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shamlan and aldrees been established for the incisors and the lips, 8 and for alveolar bone landmarks and the overlying soft tissues. 9 Lower facial height was also found to be an important determinant of soft tissue morphology. Kasai reported that longer lower facial height and protruding lower incisors were associated with a thicker upper lip, 4 while Saxby and Freer found correlations between lower facial height and soft tissue form in the horizontal and vertical planes. 5 Although the sagittal jaw relationship was found to be strongly related to the overlying soft tissue outline, 5 soft tissue can mask or exaggerate the jaw discrepancy. 10 Racial and ethnic characteristics were found to be another factor influencing the soft tissue configuration. Thin and minimal lip protrusion was found in white Europeans and more protrusion in those of Middle Eastern origin, while greater thickness and protrusion were found among Orientals and Africans. 11 Several studies have indicated that there is a tendency for bimaxillary protrusion among the Saudi population with more lip protrusion than the Caucasian individuals. 7, [12] [13] [14] Facial soft tissue structure affects the perception of profile esthetics. African Americans prefer a straighter profile than what has been measured as normal for their race. 15, 16 More recently, Marques et al concluded that society perceives straight profiles as esthetically more pleasing in comparison with protruding profiles. 17 Canonical correlation analysis is a powerful statistical technique that enables examination of multiple predictor and multiple criterion variables. 18 It is useful in assessing relationships and summarizing dependence between two groups of variables. 19, 20 In the dental literature, canonical analysis has served as an instrument for obtaining new knowledge about how important factors interact with each other. 4, 18, [20] [21] [22] [23] [24] When compared with multiple r-tests, simultaneous multivariate statistical methods are more robust. 22 The present study evaluated the correlation between facial hard and soft tissues in Saudi adults utilizing canonical correlation analysis to provide a basis for normal hard and soft tissue correlation in this population.
Materials and methods
The study sample included 60 lateral cephalometric radiographs from Saudi adults (30 males and 30 females) with normal occlusion. The study sample radiographs were taken from the archive of cephalometric radiographs for fourth year dental students (mean age 22±1 years) that were taken as a part of their undergraduate orthodontic course requirements. Formal approval to conduct the study was obtained from the ethical subcommittee at King Saud University, College of Dentistry Research Center (#NF 2101).
The selection criteria included: Saudi citizenship, age over 18 years, average skeletal relationship with ANB angle ranging between 1-4.5° (based on the normal ANB angle range in Saudi individuals), [25] [26] [27] [28] with no previous orthodontic treatment, a class I molar relationship, overjet 2-4 mm, and overbite one third to one half of the lower incisor crown height.
A Perfection 4990 photo scanner (Seiko Epson Corporation, Nagano, Japan) linked to a DELL computer running on Microsoft Windows XP was used to scan the cephalometric radiographs, which were then captured using Dolphin Imaging ® version 10.0 software (Dolphin Imaging and Management Solutions, Chatsworth, CA, USA). The landmarks and measurements used in the cephalometric analysis are presented in Figures 1-3 . The soft tissue measurements included evaluation of the position of the upper and lower lips to different reference lines, and the upper and lower lip thickness and length, as follows:
• The E-line extends from tip of the nose to soft tissue pogonion (Pog). UL-E is the distance from most anterior point of the upper lip to E-plane while the distance from 
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Hard and soft tissue correlations in facial profiles the most anterior point of the lower lip to the E-plane is LL-E.
• The S-line extends from the soft tissue contour of the chin to the middle of an S formed by the lower border of the nose. The position of the upper and lower lips to this line was evaluated.
• The distances from the most anterior point of the upper and lower lips to the line connecting the soft tissue subnasale with soft tissue Pog were also measured.
• Upper and lower lip thickness represents the distance between the lip inside and the lip outside.
• The upper lip length extends from the subnasale to upper lip stomion superius point, while lower lip length extends from the lower lip stomion inferius to menton. The data were analyzed using Statistical Package for the Social Sciences version 16 software (SPSS Inc., Chicago, IL, USA). An evaluation of the error of the method was carried out using the coefficient of reliability, while canonical correlation was used to evaluate the correlation between sets of hard and soft tissue variables. Canonical correlation evaluates the correlation of two canonical variables, one representing a set of independent variables and the other a set of dependent variables. In the present study, the following were the two sets:
UL-E, LL-E, UL-S, LL-S, NLA, NB-H, Sn-ULI, LLSMe, UL thickness, LL thickness, A′-TVL, ULA-TVL, LLA-TVL, B′-TVL, ULC.
Results
All variables in the 15 cephalometric radiographs were remeasured by one examiner (MS) to evaluate the error of the method. The coefficient of reliability was used to calculate the intraexaminer reliability. The values of the random errors for all landmarks were above 0.89. The means and standard deviations of the skeletal, dental, and soft tissue variables are listed in Table 1 . Table 2 shows the canonical correlation results, and indicates that the correlations ranged from 0.917 to 0.196. The first, second, and third correlations were found to be significant. The percentage of the squared value of the first, second, and third canonical variates was found to be 84%, 74%, and 67%, respectively.
The loading and standardized canonical coefficients between set 1 (hard tissue variables) and set 2 (soft tissue variables) for 
Discussion
This retrospective study was designed to assess the correlation between hard and soft tissues in Saudi adults. The age of the subjects selected was over 18 years, as recommended by Subtelny and Sakuda to exclude the effect of growth. 29 The cephalographs of the Saudi males and females were selected from the dental files of fourth year dental students; these are usually taken as part of their training in the preclinical orthodontic course.
The relationship between the soft tissue profile and the underlining hard tissue structure was evaluated by using canonical correlation analysis, which measures the strength of the overall relationships between the linear composites (canonical variates) of the independent and dependent variables. In general, the number of canonical dimensions (canonical variates) is equal to the number of variables in the smaller set; however, the number of significant dimensions may be even smaller. 30 Canonical loadings are used as a basis for interpretation because of the deficiencies inherent in canonical weights. Canonical loadings, also called canonical structure correlations, measure the simple linear correlation between an original observed variable in the dependent or independent set and the set's canonical variate. The larger the coefficient, the more important it is in deriving the canonical variate. The percentage of the squared canonical correlation of the first correlation in the study group indicated that 84% of the variation in soft tissue is explained by variation in hard tissue.
Analysis of this group of Saudi adults with normal occlusion showed that the variation in upper lip length and lower lip position could be explained by variation in the position of the upper incisors and the position and inclination of the lower incisors. Saxby and Freer detected a correlation between the upper and lower incisors horizontal position and the upper incisors angulation to lip position. 5 The second squared canonical correlation of the control group indicated that 74% of the variation in soft tissue variables could be accounted for by variation in hard tissue variables. The lower lip length was associated with the inclination of the upper incisors in the present study. Figure 4 summarizes the canonical correlation in the study group.
The current findings agree with those of Yogosawa, who found that the lower lip shortens about 80% of the amount of the maxillary incisors retraction while the upper lip shortens about 40% of that amount in patients with bimaxillary protrusion. 31 In the same study, the influence of the maxillary incisors on lower lip position was detected. Kasai detected an association between the position of the lower incisors and upper lip thickness. 4 The horizontal position of both lips was the canonical variates are presented in Table 3 . It was found that the first canonical variate for hard tissue variables has a heavy positive loading with U1-APog (mm; 0.966), L1-NB (mm; 0.887), and a moderate positive loading with L1-NB (0.627). The first canonical variate for soft tissue variables has a moderate positive loading with LL-E (0.756) and a moderate loading with Sn-ULI (0.459). The second canonical variate for set 1 is related to U1-NA (-0.706). In set 2, the second canonical variate is related to LLS-Me′ (-0.451).
Clinical, Cosmetic and Investigational Dentistry 2015:7
submit your manuscript | www.dovepress.com
Dovepress

13
Hard and soft tissue correlations in facial profiles Clinically, these results emphasize the possible effects of extraction and nonextraction orthodontic treatment on the upper and lower lips. While retraction of the lips has been observed following retraction of the incisors to a variable degree, changes in upper and lower lip length are another outcome that warrants consideration by clinicians. In addition, this study specified dentoalveolar and soft tissue measurements that can demonstrate the correlation between hard and soft tissues. Among the 29 dentoalveolar and soft tissue variables studied, the current study identifies the seven most influential cephalometric measurements that can aid the clinician in diagnosis and assessment of posttreatment changes.
Conclusion
The position of the upper and lower incisors and inclination of the lower incisors influence upper lip length and lower lip position. The inclination of the upper incisors is associated with lower lip length.
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